Abstract-The experimental results that are presented in this paper show that there is a statistically significant influence of floating electrodes on rod-rod air gap breakdown under impulse current, when the floating electrode is close to either of the electrodes. The results are extrapolated to explain the influence of electrical floating metal parts in lightning side flashes, where the arcing distances are not that long. The experimental outcomes are still inconclusive with regard to direct lightning strikes where the final jump may be a gap of few hundred meters.
INTRODUCTION
Lightning is a natural electrical phenomenon that is transient in nature. As far as the effects on human body and man-made systems are concerned cloud-to-ground (CG) flashes play the most dominant role among all types of lightning. A typical CG flash brings negative charge to ground via the stepped leader; the self-ionizing leader channel that propagates downwards. As the stepped leader is within about 50-200 m above ground level the attachment point is determined, thus the final leap takes place from leader tip to the object to be truck. The length of the final leap is related to the charge at the last few hundred meters of the stepped leader channel which in turn has a correlation with the peak of the succeeding return stroke current. The greater the peak return stroke current, the larger the final leap [1] . For many years it was debated that carrying metal objects on the body of a human being (eg. caps with metal parts, metal jewelry and decorations, carrying fire arms, agricultural tools etc.) may or may not influence probability of lightning strikes to the person concerned. The electric field in the sharp points of the objects is even more which is caused the corona to be incepted so that the effects of objects with sharp points during lightning is an important issue [2] . Although, there are no theoretical or experimental work that has been done so far for concrete evidence, one may speculate that in the event of a direct strike a small metal part in the target object may have no influence on the final leap. Irrespective of such scientific speculation a number of incidents that have been reported in the recent years claim that people have been struck by lightning while they were carrying objects with metal parts; mobile phones being one of the most prominent such objects [3] [4] [5] [6] . Unfortunately most of these reports does not go deep Centre for Electromagnetic and Lightning Protection Research (CELP), UPM, Malaysia into the insitu analysis, thus it is not conclusive whether the accidents have occurred due to direct strikes or side flashes. In this backdrop, authors of this paper understood the dire need to have a scientific investigation into this matter, to clarify the confusions. As per the common understanding through long term research involvements with lightning safety phenomena we made the following pre-assumptions.
1.
The final jump that leads to a direct strike may not be influenced by a small metal part (henceforth referred as floating electrode) in the body of the object struck (henceforth referred as the target).
11.
In the event of a side flash, the distance between the two points where the arcing takes place is much smaller than the final leap of a direct strike, hence a floating electrode may influence the probability of side flash. Due to the lack of knowledge among the mass media that report lightning accidents, no specific information is available to infer evidence to for concluding whether the accidents are due to side flashes or direct strikes. Hence, although the lightning incidents where people carrying metal parts are described vaguely as due to "lightning strikes", they may well be caused by side flashes from nearby objects. In order to shed light on the above scientific problem, a series of experiments have been designed to test the influence of the position and shape of floating electrodes positioned in between two rod-rod gap of air. Lightning impulses of wave shape 1.2/50 Ils were applied on the HV electrodes in the absence and presence of floating electrode to fmd whether the influence of such is statistically significant. The results lead us to make firm conclusions on the influence of metal objects in the probability of side flashing from nearby objects.
II. METHODOLOGY
A rod-rod gap of length 30 cm has been implemented as shown in Figure 1 . The two rod electrodes were made of aluminum with flat polished tips. A floating electrode is placed in between them by means of a horizontal wooden pole and two vertical wooden supports. By adjusting the height of the horizontal pole and adjusting the horizontal position of the floating electrode along the pole, the distance x could be set at various discrete values. The supports were made of dry wood having resistivity in the range of several Mega ohms per meters. The dimensions of the parts of the supporting structure were selected in such a way that there will be no possibility of arcing to ground through undesired paths. The floating electrodes were made of aluminum. The shapes were selected randomly to realize the importance of the edge. Hence, the exact dimensions of each floating electrode have no substantial importance in this particular study. The following abbreviations are used in this paper to describe experimental events. For a given event, preliminary value of V50 (denoted by V50') was estimated by the equation (1):
Where V:1l is the applied voltage at first breakdown, k is the number of breakdown, and A is calculated from the equation
Where k i is the number of events concerned at the i th step.
The V50' obtained in this process has been corrected with the measured values of pressure (p) and temperature (T) by equation ( Where P is given in mmHg and T is given in ."C .
Statistical analysis of the obtained data has been done by SPSS software. For the level of significance of the difference in data sets have been investigated using statistical modules such as paired t-test and Independent t-test etc. Maxwell software has also been used to depict the voltage profile and electric field of 30 cm rod-rod air gap with and without floating electrodes.
III. RESUL IS AND DISCUSSION
The V50 values calculated for the events are tabulated in table. 1. Table. 2 depicts the voltage line for 30 cm air gap of rod-rod with no floating electrode and with double conical and cylindrical floating electrode when they were located in the middle of the gap. The results of this study provide crucial information with regard to the influence of breakdown characteristics of rod-rod gaps in the presence of floating electrodes. As we expected with our prior experience, the V50 of the rod-rod gap reduced as the floating electrode was inserted ( Table-I ). However, the percentage difference in the V50 in the absence and presence of the floating electrode was not apparently evident to make concrete conclusions on the change of arcing probability as the floating electrode is inserted. Hence, we have extended our investigation to statistical analysis of the sets of parameters. The outcomes of this extensive statistical analysis lead us to some vital conclusions on the gap breakdown in the presence of floating electrodes.
1543 The difference in V50 (in the absence and presence of floating electrode) is significant when the floating electrode is close to either HV rod or grounded rod.
ii.
The difference in V50 when the floating electrode is close to the HV electrode is significantly higher than that when the floating electrode is close to the grounded rod. iii. The difference in V50 becomes minimum as the floating electrode is placed towards the midpoint of the gap. iv. The difference in V50 is significantly higher for the floating electrode with double conical shape than that for the other shape, as the floating electrode is placed away from the HV electrode.
v.
Close to the HV electrodes, floating electrodes with the shapes shows similar difference in V50, although the same for double conical shape has a slight edge over the others.
This investigation provide clear evidence that there is a statistically significant reduction in breakdown voltage when there are floating electrodes, especially in the vicinity of the two possible arcing points. The outcome shows that small floating electrodes, especially sharp objects may increase the possibility of getting side flashes to human bodies, livestock and even sophisticated equipment when there are floating electrodes in the vicinity.
IV. CONCLUSION
This investigation reveals that floating electrodes may play a vital role in lightning side flashes to human beings, livestock and equipment. The experimental outcomes have been subjected to statistical analysis to make quantitative conclusions. It was not an intension of the research to investigate the impact of floating electrodes on direct lightning strikes, thus the controversial issues in such debates should not be confused with the outcomes of this study. The results show that the position of the small floating electrode is highly significant (at 95% confidence level) in reducing the gap breakdown. The drop in both V50 and voltage at breakdown shows maximum when the floating object is 2 cm away from the HV electrode (shortest distance used in the experiment). The second maximum drop was observed when the floating electrode was 28 cm away from the HV electrode (longest distance used in the experiment). The drop was insignificantly small when the floating electrode was close to the midpoint of the gap. The difference in time to breakdown was insignificantly small for all events. The shape of the electrode also has an impact on the breakdown voltage. The sharper the tips of the floating object the greater the reduction in breakdown voltage. The insignificant change of time to breakdown is evident in all shapes of electrodes (with respect to each other, at different distances and with respect to no floating-electrode condition).
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